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(57) Abstract 

A device for occluding a vessel employs one of a number of different expansion mem ben joined to one or more elongate members. 
The expansion member may include a braid, one or more coils, ribs, a ribbon-like structure, a slotted tube, or a filter-like mesh. If the 
expansion member is enclosed by a suitable membrane, the device seals with the vessel wall to partially or completely occlude the vessel. A 
perforated membrane may be used to permit the perfusion of blood. The expansion member may be serf-expanding, or it may be expanded 
by engaging it with one of the elongate memoers. Alternatively, the expansion member may be expanded by heating It 
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OCCUISIOR OF A VESSEL 
Bacfcuratmd et the tnvwttwn 

FwW of thn Invention 

The pmim nrveotion relates generally to the occlusion of ■ vessel withe, • patiem . and jp^n^ 
to «n apparatus and method of partri&y or wmptatery occluding ■ vessel. 
DastrrBtien if the RebtoH flrt 

Attempt* heretofore have baan made to treet oecbtioiu in the arotkj arteries hading to the bran. 
However, such arteries hava been very difficult to treat became of the possnity of dbrfadgng plaque which can 
enter venous arterial vessels of the brain and causa perrnanant brain damage. Attempts to treat such occasions 
with balloon myoplasty hava been vary limed beeaute of such dangers. In surgical treatrnerrtt. such as 
ondortereetomy, the carotid artery is slit and plaque b removed from the vessel in the slit araa. Such surgical 
procedures have substantial risk assoeteted wrth them which can lead to morbidity and mortaliry. 

In other procedures, such es in angioplasty and n tbe treatment of paripheral arteries end veins, there a 
the possibility that the guide wres and catheters used in such procedures during deployment of the same may cause 
disfodgernent of debris or emboli which can flow downstream end cause serious domage. such as stroke, if thty 
occkida Mood flow in smaler vessels. Thus, in summary, embolization and migration of nsero-emboli downstream 
to an end orgen is e major concern of cardiologists during catfietarixetions. 

Thnre is therefore need for now end improved eppsretus and methods which make it pbssmte to treat 
occkided vessels without endangering the patient. 

Summary B< ** 

The present invention satisfies the need for a device that occludes e vessel, in particular, e vessel ei e 
patient unde-gohg therapeutic or other medical treatment. Any one of a number of different eipension rnembers 
era kmd to one or more elongate members such es hvpotubes to form a device that completely or partially occludes 
e vessel within a patient. The eipansion mambn may be seli-eip.nding. it may be eipanded by engaging ft with 
one of the elongate mantes, or it may be heated to cause it to expand. A membrane prefetch* surrounds the 
expansion number so that a seal is made between the membrane and the vessel The perfusion of stood is allowed 
if the membrane b perforated. Partial occlusion may be obtained without e rnembrene if a surteble expansion 
member b chosen. In general, in one aspect of the present inventioa there b provided en apparatus and method 
that can be used with approved diagnostic and therapeutc deviees to reduce the chance of emboli migrating 
downstream. Alternatively, the eip^ion member met anchor an intravascular device within e vassal. 

One ernbodirnent of the present invention a a device for occkidbig a vascular segment, ei which the device 
ncajdes an expansion member and first and seeond elongate members. The fast elongate member engeges the 
expansion member, end the second elongate member surrounds the fast elongate member, with the expansion member 
expanding to occlude the vascular segment when one of the elongate members b moved longitudinally. The 
expansion member preferably inckides e braid, a col. a ribborvfke structure, a stoned tube, a pbrafity of ribs or a 
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ftteMtke mesh. The Mce may also induda material that adjoins the expansion member for craatiig a partial or 
total seal with the vascular segment. 

In one particulir embodiment the expansion member is in an unexpended state when it is surrounded by 
the second elongate member but expands when the first elongate member is pushed through the second elongate 
member. In another embodiment, both the first and second elongate members are secured to the expansion merrier, 
and the expansion member expands as the first elongate member is retracted. 

Another embodiment of the invention is a method of occluding a segment within a vessel which includes 
the step of inserting first and second elongate members into tha vessel to be ocdoded (in which the first elongate 
member adjoins an expansion member), folowed by the step of varying the position of et least one of the elongate 
members so that the expansion member expands until the vessel is cempiotoW/ or partially occluded. In one 
err*odimarrt, the varying step inckrdes retracting one of the elongate members, end in another embodiment the 
varying step comprises pushing one of the elongate members through the other elongate member. In yet another 
method of ocdudmg a segment within a vessel an expansion member is inserted within the vesseL and the expansion 
member is heated to cause it to expand until the vessel is at least partially occluded. Heatiig the expansion member 
may invoke, for example, passing electrical current through it or passing worm solution over or near it. 

Brief Descriptio n of the Drawings 

FIG. 1 is e side-elevational view in section of one embodiment of a catheter apparatus incorporating the 
present invention for treatng occluded vessels. 

FIG. 2 is a sidteievational view in section simiar to FIG. 1 but showing the apparatus in FIG. 1 with the 
expansion member (in this case, a self-expandable seal) deployed. 

FIG. 3 is a sid*elevational viBw in section of another embodiment of a catheter apparatus incorporate 
the present invention for treating occluded vessels. 

FIG. 4 is a view similar to FIG. 3 but showing the expansion member (in this case, a serf-expandable seal) 

deployed. 

FIG. 5 is a schematic, longrtudrol cross factional view of en embodiment in which a membrane only 
partially surrounds a braid used et the expansion member. 

FIGS. 6A and 6B show end views of imperforated and perforated membranes, respectively. 

FIG. 7 is a schematic, longitudinal cross sectional view of en embodiment in which a braid without a 
membrane: is used. 

FIG. 8 is a schematic, longitudinal cross sectional view of an embodiment in which a fdter-Eke mesh is used 
es the expansion member. 

FIG. 9 is a schematic, longitudinal cross sectional view of an embodiment h which e slotted tube ts used 
es the expansion member. 

FIG. 10 is a perspective view of the slotted tube used in the ombodvnont of FIG. 9. 
FIG. 11 is a schematic, longitudinal cross sectional view of en embedment in which e coil is used es the 
expansion member, and the proximal end of a memarane surrounding tha coi adjoins the coiL 
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FIB. 12 is a schematic, tapjtudinai son sectional view of an ernaodrant in which a eei n usad as the 
axpansbn member, and tha proximal and af a membrana surrounding the coil adjoins a shaath that surrounds both 
first and second alangata members. 

FIG. 12A is an amboditnant similar to that shown in FIG. 11 in which resistive heating is used to espand 
tha expansion mamber. with current being conducted through wns being attached to either side of the expansion 
mamber Tha expansion member as shown is partial? deployed. 

FIG. 12B is an embodiment similar to that shown in FIG. 12A. in which resistive heating is usad to expand 
tha expansion member, with current being conducted through a wre being attached to the distal end of the expansion 
member and through a coatino on the first elongate member. The expansion member es shown is partially deployed. 

FIG. 13 is e schematic, side cross sectional view of an embodiment in which a plurality of ribbons are used 
as the expansion member. 

HG. 13A is en embodiment similar to that shown in FIG. 13. in which a warm sokrtion passes between 
the first and second elongate members to transfer heat to the expansion member, causing it to expand. The 
expansion member as shown is partially deployed. 

FIG. 13B is an embodiment sirriar to that shown in FIG. I3A. in which a warm solution passes through 
the first elongate member to transfer heat to the expansion member, causing it to expand. The expansion member 
as shown is partially deployed. 

FIG. 13C is en embodiment similar to that shown in FIGS. 13A end 138, in which a warm sohition passes 
through one or more lumens in the first elongate member to transfer heat to the expansion member, causing it to 
expand. The expansion membir as shown is partially deployed. 

FIG. 14 is a schematic, side cross sectional view of an embodiment in which a plurality of riu are used 
as the expansion member. 

FIG. 15 is an isBrretnc view ol an embodiment of the invention in which a pull wre is used to deploy a 
plurality of non-self-expanding ribbons surrounded by a membrana. 

FIG. 16 is a side partial sectional view of tha embodiment of FIG. 15 m which the ribbons ar B in their 
relaxed, undeployed position. 

FIG. 17 is a side elevational view of the embodiment of FIG. 15 in which the ribbons are deployed, end the 
membrami makes a seal with tha vessel. 

FIGS. 18A and IBB show longitudinal and end perspective views, respectively, of a locking mechanism used 
with a wire that deploys an expansion member. 

FIG. 19 is e perspective view of an ehemathre locking rnBchanism used with a wre that deploys en 
expansion member. 

FIGS. 20A. 20B. 20C, and 200 show, respectively, a braid, a filter-ice mesh, a slotted tube, end e plurality 
of eoas, which can be used as alternative expansion members in place of the rkibons in the embodiment of FIG. 15. 
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Detailed Description of t he Preferred Embodiments 
The expansion members discussed herein include braids, cob, rta, ribbon-fike structures, slotted tubes, end 
fiterae meshes. These expansion members may be partly covered or comrJetely surrounded by a membrane or 
other covering to provide occasion or seating of the vesseL As used herem. -ocekision" or -sealing", and the Ike, 
mean partial or complete blockage of fluid flow in a vascular segment, as it is sometimes preferable to allow 
perfusion. Moreover, such expansion members may be deployed by various mechanical means, electrical meens or 
thermomechanicalmeans, etc. es described herein. Expansion members that era deployed mecharucalry are preferably 
"spring-ike" in nature, La. they are preferably resilient to facitate their deployment or retraction. 
Catheter Apparatuses end SefrExnandino Braids 

OnB embodiment of e catheter apparatus incorporating the present invention for treating occluded vesseis 
is shown in Figures 1 and 2. As shown therein, the catheter eppiratus 651 consists of a flexible elongate member 
652 whsh is provided with proxvnal and distal extremities 653 and 654. A conventional adapter 656 is mounted 
on the proximal extremity and is provided with a Touhy-Borst fitting 657 which is in comnvnication with a Urge 
central lumen 658 extending from the proxsnal extremity 653 to the distal extremity 654. An aspiration fitting 661 
is provided on the adapter 656 as well es en irrigation fitting 662. both of which are in communication with the 
central kimen 658. However, it should be appreciated that if desired, separate lumens can be provided in the flexible 
efongete member 652 for both of the fittings 661 and 662. 

Self-expanding seali? mechanism 666 is mounted on the distal extremity 654. ThiTseJf expanding seeing 
mechaniwn 666 can take any suitable form. For exemple, es shown it can consist of a braided structure 667 formed 
ot e surt3bte shape memory material such as a nickel titanium alloy that w3 attempt to expand to a predetermined 
shape memory. Other than shape memory materials, other materials such as stainless steel, Elgitoy ™, titanium or 
other materials can be utilized in the braid 667 as long as they have the capability of expands^ when the self- 
expand^ seaJ mechanism is released. Also it should be appreciated that the self-expanding seal mechanism 666 
can be comprised of an absorbent material which when it absarbs seine or Wood expands to form a seaL Such 
seats can be readily accomplished beceuse it is only necessary to form a seal of approximately 1.5 psi to prevent 
small particles from moving downstream. 

In order to prevent abrasion of a vessel, it is desirable to cover the bfiidsd structure 667 with e coverng 
668 of a suitable materia! such as a polymer or a biocompattte coating which extends over the braided structure 
867 and which mom with the braided structure 667 as it expands and contracts. The polymer can be of e suitable 
material such as sicone, C-flex. polyethylene or PET which would form e good sealing engagement with the wall 
of the enery. The covering 668 may be perforated to allow perfusion. 

A mechanism is provided for compressing the self-expanding seaing mechanism 666 so that the apparatus 
tan be inserted into the vessel 481 and consists of an elongate sleeve 771 havng proximal and distal extremities 
772 and 773 and a bore 774 extending from the proximal extremity 772 to the distal extremity 773. A collar 776 
is mounted on the proximal extremity 772 of the sleeve 771 and is positioned near the adapter 656. The collar 776 
serves as. a mechanism for retracting the sleeve as shown in Figure 2 to uncover the self -expanding seating 
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mechanism 666 after the catheter has bean deployed to permit the self-expanding sealing raechansm 666 to expand 
and form e seal with the arterial vassal adjacent the stenosis to be treated. 

Another errtodiimrrt of a catheter apparatus for treating occluded vessels mcerporataig the present 
inmtion is shown in figures 3 and 4. As shown therein, the apparatus 781 consists of a outing catheter 782 
hamg proximal and distal enmities 783 and 784. As shown, the distal extremity 784 is provided with a pre- 
formed bend of e conventional type. A conventional attachment 786 is mounted on the prexaral oxtreniry 783. 
Setf-flipanding seal mechanism 791 is mounted on the distal extremity 784 end n of the type hereinbefore described 
in connection with the embodiments shown in Figures 1 end 2. A sleeve 796 jrator to the sleeve 771 of the 
previous embodiment is provided m the present orfibodenant for encasing the self-expanding seal mechanism 791 and 
for reteesing the same efter it has been disposed in en appropriate position within a vassal adjacent the occlusion 
to be treated. Thus, a sleeve 796 is provided having proximal and distal extremities 797 end 798 and havhg a bore 
799 extending from the proximal extremity to the distil extremity which is sited so that it can receive the guide 
catheter 782. It is provided with a collar 801 on its proximal eitremty which is adapted to be disposed outside 
the patient and which is adapted to be grasped by the physician for pulling the sleeve 796 proximaly to uncover 
the self-expanding seal 791 after the apparatus has been deployed to permit the self-expansion of the sealing 
mechanism 791 to form e seal with the vessel wall as shown ti Figure 4. 

hi accordance with the hereinbefore described descriptions, it is apparent that the apparatus can be readily 
deployed and serve the same function as the main catheter. To accomplish this, the assembly 781 can fat introduced 
into the femoral artery end the distal extremity advanced into the desired location h the erterial vessel After it 
has been properly positioned, the physician can retract the sleeve 796 to permit the serf-expending seal mechanism 
791 to expand and to form e seal with the wall of the arterial vessel to occajrJe the arterial vessel and nterrupt 
the flow of blood in the vessel to provide e working space dotal of the occlusion formed. This prevents smal 
particles which may thereof!* bt dislodged from moving downstream. Since e central lumen is available, the 
therapeutic procedures hereinbefore described can be employed with the catheter apparatus shown m Fsjures 1. 2. 
3 end 4. 

Although the self-expanding selling mechanism 666 (7911 can be deployed by retracting the sleeve 771 
(798) as previously described, the sealing mechanism cen alio be deployed by pushing the flexMe elongate member 
652 (guiding catheter 7821 through the sleeve so that the sealing mechanism can expand. Tim may be the preferred 
way of deploying the sealing mechanism 666 (791 1, if there is fttle clearance between the epperatus 6S1 (781) and 
the vessel within which the apparatus resides, to reduce the risk of damaging the petient's vessel. As discussed 
below in connection with subsequent figures, the aealng meehanism 666 (791) may altemativefy comprise members 
such es e coi a ribbon-Bee structure, a stalled tube, or a filter-Eke mesh. In each case, the seaing mechanism 
expands to partially or comptetelr occlude the vessel in question, or attemativery, to anchor an ntravaseuiar device 
to ihe vessel. 
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Ahemanve Serf-Exnandinn *»eiriW T 

Another embodiment using a braided structure a thorn schemarjcaty in FIG. 5. in which a flexible elongate 
member 20 it disposed within a second elongate member 24 such ui hypotube. A silt expanding mechanism 28 
such as a braided structure is secured to me distal end if the elongate member 20. preferably within an indentation 
32 of member 20. The braided structure 28 a only partially encapsulated by a preferably olasiomeric membrani 
36 that makes a seal with the patient's vessel 40. (Afteraatrvaly, a coating such as a polymeric coating my bi 
used in place of the membranes disposed herein.) fn this and the other embodrnents, adhesive may be used to 
secure the setf-eipandng mechanism 28 and the membrane 36 to the elongate member 20. In thi crrtodunent of 
FIG. 5. the braided structure 28 and membrane 38 are designed to be asymmetricel. with mora material being 
concentrated at the proximai side of the structure 28. The braids of the embodiments disclosed herein may be 
stainless steel 304 or 400, tuperetastic or heat activated Nrtinol en ten base shape memory eUoy. or a polymer 
base, such as polyethylene or polypropylene. They may be constructed, for example, by using standard equipment 
such as a braider. 

Although the embodiment of FI6. 5 shows the flexlite elongate member 20 connected to a guidiwire tip 
44, other technologies for guiding the device through the patient's vessel 40 may be used in this and the other 
embodiments, such ss e guidswire (either over the wire or angle operator) or the exchange catheter method, es fct 
wel known in the ert. Also, although not explicitly shown in the embodiment of RG. 5 and the other embodrnentt 
herein, these entedroms may inckjde lumens, aspiration and irrigation fittings, and collars ike those ikistrated in 
FIGS. U. 

The mambrene 36 is prefenbly impervious to the flow of blood (FIG. 6a) for those applications not requiring 
perfusion, although a perforated membrane 36* (FIG. 6b) having numerous holes 37 therein may ba used in other 
aprjfcation: to allow thi passage of blood. The hies 37 are preferably griater than 10 microns in diameter end 
may be up to 80 microns or more in diameter to permit the passage of blood cells (nominally 6-10 microns in 
diameterl through the membrane 36' while blocking larger partkailatBs such as emboli Likewise, s perforated 
membrani! 36' may bB used in thi other embodrnents disclosed herein. Antithrombogenic coatings can be used (tg, 
heparin) to prevent thrombosis formation. 

FIB. 7 shows en embodiment ii which a braided structure 50 is not enclosed by a membrani. When the 
breided structure SO comprises, for example, a diamond mesh pattern in which adjacent wires ere separated by about 
10-80 microns, the braided structure permits the passage of red blood cats, whfle blocking the flow of matter that 
may be undesirable. e.g. emboE or other particulates that may be formed or dislodged during medical procedures. 
Thus, this embodinent is will suited for eppkeetions for which perfusion is required. 

Alternative serf-expanding media are shown in FIGS. 8 and 9. In FIGS. 8 and 9. a setf-expanding filter-Ike 
mesh 60 and a self-expanding slotted tube 72, respectively, ere surrounded by e membrane 62 thet is preferably 
elastomer*. The filter-like mesh 60 lor slotted tube 72) and membrane 62 are bonded or otherwise secured to e 
flexile elongate member 64. e.g- to an indentation therein. As with the other seM-expanding media disclosed herein, 
the filter-Ike mesh 60 (or slotted tube 72) expands from its unexpended state when the flexible elongate member 


WO 99/42059 y PCT/US99/03544 

64 « pushed through a second elongate niember 66. or ehernonvely, when the second Hong,,, number 66 is 
retracted over the first elongate member 64. The HteHike mesh 60 (or stoned tube 721 then expands so that the 
rnemtoane 62 forms a seal with the surrooiidino vessel 68. A guidewire to 70 eids in guiding the device through 
the vessel 66. The fetr-Ck. mesh 60 end slotted tube 72 «. of , arable ,„,„, ^ M NitinBl 

or 1304 or 400} stainless steel The fiher-ft. mesh 60 b fibrous in natun. bring sonwwhat analogous to steel wool. 
The slotted tube 72 has a latticed. appearance. The slotted tube 72 may be constructed, for example, by 
radiating a thm-waled tube with a User beam to form holes in the tube in the shape of polygons such as eblone 
quedriaterats. An unexpended, slotted tube 74 is shown m FIG. 10. 

FIG. 1 1 Uustrates another embedment, in which a coil 80 serves as the setf-eipandaig mechanism. The 
coil 83 may be integrally formed with a first elongate rnernber 82 or be otherwise specially joined to it. e.g. by 
welding or brazing the col to the elongate member 82. The eofl 80 is surrounded by e membrene 84 that expands 
with the coil when it is pushed out of a second elongate member 86. or ehematrvely. when the second elongate 
member B6 is retracted from the coil 60. Thus, the membrane farms e seal with the surrounding vessel 90. The 
membrene 64 may be attached directly to the first elongete member 82. or to e member 88 such as a disk that is 
in turn secured to the coil 80 or the first elongate member 82. A guidewire tip 92 for guiding the device through 
the vessel 90 may be atteched to the first elongate member 82 or to the member 88. if one is used. 

An embodiment simisr to that shown in FIG. 1 1 is ikjstrated « FIG. 1Z n when the membrene 84 is 
secured at the proximal end to a separate sheath 94. In this case, the sheath 94 and the first elongate member 
82 ere extended together over and through, respectively, the second elongate member 86. Assembly may require 
preloading the coil 80 through the distal end of the second elongete member 86. 

Another embodiment that employs e self-expanding medium is shown in FIG. 13. s» which a plurality of 
ribbon* 100 make contact with . membrene 102 while they expand to urge the membrane towards the wall of the 
vessel 104 where rr makes a seal. The ribbons 100 of this embodiment are preferably secured to a first elongate 
member 106 at both ends of the ribbons, by. for example, gluing them in place. The rattans may be 0.001 -O.004- 
x Q.005-0.020- x 0.25-1.0- strips of Nitinol. stainless steel or Eejiloy™ which expend when urged out of the second 
elongate member 108. A guktewre tip 1 10 may be used for guiding the device through the vessel and is prefer ably 
secured to the distal end of the first elongate member 106. 

FIG. 14 Oustrates an embodiment similar to the one in FIG. 13. in whch ribs 120 such as wres form e 
series of semicircular arcs when they expand. The ribs 120 are surrounded by e membrane 122 that expands with 
the ribs to form a seal with the vessel 124. The number ot ran 120 is preferably et leest three. The ribs 120 are 
preferably attached directly to a first elongete member 124 that is surrounded by e second elongate member 126. 
The rib j 120 themselves are preferably made of e shape memory material such as Nitinol or stainless steel. A 
guidewire tip 128 eids in guiding the device through the vessel 130. 

As in the other self-expending embodiments, the seH-expandino meehanism 100 1120) is in an unexpanded 
state »ten enclosed by the second elongate member 108 (126). and expands whan pushed or pulled beyond the 
second elongate member 108 (1261. 
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•0* 

Nbb-ib)T-bi aawliw emfraflrnerit* 

1 Heat activated «nbedirmm» 

RBS. 12A ind 12B iustrate how electrical mum can ba used to genarate haat to expand an expansion 
member. A first elongate member 82* land a coD OT which adjoins h. coil 80' and member 82' ber* sinilar to their 
unprimed counterparts) is preferably made of beat activated Nitinol en iron base shape memory alloy, or another 
material thai expands when exposed to haat. As shown in FIG. 12A, low profile, low resistivity electrical lines 81 
and 83 preferably pass either through or along the second elongate member 86 and are attached (e.g.. soldered) to 
the first elongate member 82' on either side of the coil 80/. When current is applied through the electrical lines 81 
and 83 (the power supply is net shown but is preferably outside the patient), the coi 80' heets up through resistive 
heating, and the coil expands to urge the rnernbrane 84 to contact the vessel wall 90. Alternatively, as shown n 
FIG. 12B. the first elongate member 82- may have a coating 85 of gold or siver. In this embodiment, the coatad 
elongate member 82' is used to pass current (with most of the currant preferably being carried by the coating 85. 
so that most of the energy a deposited in i»b col 801. with the circuit being completed with a low resistivity wre 
87 that is preferably connected |e.g, soldered) to either the second elongate member 86 or the sheath 94. This 
principie of resistive heating to expand a expansion member can be applied to the other embodiments disclosed herein 
as wen. 

FIGS. 13A. 13B. and 13C illustrate how heat transfer using a liquid can deploy en expansion member. The 
ribbons 100' ere preferably made of heat activated Nitinol. an iron base shape memory aboy, or enolher materiel that 
expands when exposed to heat. In the embodiment of FIG. 13A. a warm seine solution 107 is passed between the 
first and second elongate members 106 and 108 and then over the rnarnbrane 102. so that haat is transferred to 
the ribbons 100'. As the rfcboru 100' hut up. they expand, thereby urging the mentrane 102 against the vessel 
wall 104. As akistritid in FIG. 13B. the warm sabne solution 107 may also be passed through the first elongate 
member 106 end then through hole] 109 in member 106 so that the saline solution 107 mora directly transfersheat 
to the notions 100'. In this embodiment, one or more holes 11 1 in the membreno 102 (distal to where the seal with 
the vessel well 104 is made) may be used to allow the saline solution 107 to flow away beyond the ribons IOC 
after heat transler to the ribbons occurs. As ikistrated in FIG. 13C. the seine solution 107 may also be passed 
througn one or more closed loop coils or lumens 1 13 within the first elongate member 108. m this way, the ribbons 
100' and the patient's blood are not exposed directly to any solution. Using haat transfer can also be applied to 
the other tmbodrmants disclosed herein, provided the expansion member is suitably constructed. 
«L Mechanically deployed embodiments 

Cither non-self-expanding seeling mechanisms that can be used for occluding e vessel are described below. 
In the emaodrnent of FIGS. 15-17. a first elongete member 140, preferably a pull wre. is (when the device is 
completely assembled) attached to e brace member 144 that is in turn attached to a first ring member 148. 
Adjoining the first ring member 148 end e second ring member 152 are a plurality of ribbons 156 that extend 
between the two ring members. Surrounding the ribbons 156 is a membrane 160 that forms a saal with the 
patient's vessel 162 when the riibons are expanded. The membrane 160 is joined to et least one end preferably 
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both ol the mo rmmbers 148 and 152. The rnmbrane 160 cm be jorad to on* one of the ring members 148 
ind 152. for eiample. whan the rnembrene 160 extends far enough in the longitudinal deletion to permit the 
membrane to make a good taal with the festal 162 when the ribons 156 are deployed. 

To assemble the device, the first and second ring member* 146 and 15Z the ribbons 156. end the 
rnembrene 160 ere placed as a unit around a second elongate member 166. which has a pair of oppositely facing 
holes 170 end 172. The brace member 144 is waned thnmgh the holes 170 and 172 and secured to both the 
pull wire 140 end the first ring member 148. Further, the second ring member 152 is secured to the second 
elongate member 166. This assembled confsjurotion. with the ribbons 156 si their iongitudinel orientation, is 
iustrated in FIG. 16. As ikistreted in FIG. 17. when the puD wire 140 is retracted, the ribbons 156 (shown in 
phantom) and the membrane 160 that surrounds them are urged towards the vessel 1 62. where the rnembrene makes 
a seel with the vessel The ribbons 160 ere preferably resilient enough to that they return to ther longitudinal 
orientation when the pull wire 140 is releesed. The elasticity and resSenee of the puH wre 140 also heaps the 
fattens 156 return to their undeployed configuration. A guidawee tip 171 may be used to assist in guiding the 
device to the desired location in the vessel 162. 

A preferred way of retracting the putt wire 140 is shown in RGS. 18A and IBB. FIG. 18A shows the pull 
wire 140. which is attached to ihe brace member 144. A rotatabte handle 180 is attached to a rocking member 
184 which in turn is fastened to the puD wire 140. When the locking member 184 clears the second ekmgote 
member 166 within which it resides (which is preferably outside the patient], the tockng member end ro ratable 
handle 180 may be oriented es Dtustrated in FIG. 18B to keep the pul wire 140 taught, thereby preventing the 
sealing meehanism from returning to its undeployed position. The puH wire 140 may be made of stainless or nitnoi 
and may have a diameter of 0.006-0.008 inches, for s catheter having an 0.0. of 0JI14'. for example. 

An alternative to the deployment apparatos nlustrated in FIGS. 18A and 18B is shown in FIG. 19. in which 
a handie member 190 is grasped by the ciiracaan to retract the puD wire 140. thereby deploying the seaing 
mechanism. Once extended, the sealing mechanism preferably has the tendency to return to hs undeployed poshioa 
which ii the process putts the pul wire 140 back into tha second elongate member 166. This can be prevented by 
insertinrj e specer member 194 between the handle rnernber 190 end the second elongate member 166. After the 
medicaJ procedure is complete, and occlusion of the vessel is no longer required, the spacer member 194 can be 
removed and the pull wire 140 end the seaing mechanism returned te their respective undeployed positions. The 
device tan then be removed from the patient. 

Although the principle of using a non-stlf-expanding mechanism has been Uustrated in FIGS. 15-17 with 
respect te deformabte ribbons, other non se^expandirv mechanisms, as Ikatratad m FIGS. 20A-20D. can be employed 
in conjunction with the brace rrember 144 end the first and second ring members 148 and 152. For eiample. 
iostead ti ustip ribbons 1 56. s non-seH-expending braided structure 200 can be used, ei which the braided structure 
200 adjoins first and second ring members 148 and 152 and is covered with e rnembrene 160 to form the unit 204 
shown n FIG. 20A. The unit 204 can be used in conjunction with an elongate member 166. a brace member 144. 
a gukjswire tip 171. a first elongate member 140 such as a puO wire, a rotatabla handle 180. and a locking member 
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184 to form a device analogous to th. ribbcn-b,«| device of OIL 15. Aiurnathrely, ether rn.eh.nona can bo u>ed 
for securing to. pull win 140, such as a handle mambar 190 and a spacer member 194. 

Othar non-solf-upaiidinp machinomj such as a fitar-fta mash 208. a slotted tube 212. and coils 216 can 
ba used to form wits 220. 230. and 240 analogous to tha braided stmctura unit 204 as shown in FIGS. 20B, 20C. 
and 200. Unit: 220. 230. and 240 can ikawisa ba usad to construct doviees analogous to the ribbofrbased device 
Histrated in FIGS. 15-18. Further, if unit 204 is used without a membrane, it may assist h blood perfusion if the 
braided structure 200 is suitably constructed. Alternatively, perforated membranas like membranes 36' of FIG. 6B 
may ba used to permit blood perfusion. Ahhough the ribbons 156. tha braidad structure 200, the filtar-ike mesh 
208. tha slotted tube 212. and the coils 216 must be actively deployed (e.g. with a pull wire 140), they are 
navartrnlass sMar to their self-expanding counterparts. 

It should be understood that the scape of the present mention is not be Emrted by the fcstrations or the 
foregoing description thereof, but rather by the oppended daims. and certain variations and modifications ol this 
invention wDi suggest themselves to one of ordinary sail h tha art. 
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WHAT IS CLAIMED IS - 

1. A device tor occluding a vaaodar segment, construing: 
an expansion member; and 

first and second elongate members, wherein said first elongate mamber engages said expansion member and 
said second elongate member engages said first elongate member, said expansion member expanding to at least 
panaly occkide the vascular segment when one of said elongate members is moved longitudinaly. 

2. The device of Claim 1, further corrxarang i material that adjoins said expansion member for 
creating a seal with the vascular segment. 

3. The device of Claim Z wherein said material does not completely encapsulate said expansion 


4. The device of Claim 1, wherein said expansion member is a filter-Ece mesh attached to an 
indentation within said first elongate member. 

5. The device of Claim 1, where* said expansion member is in an unaxpanded state when it is 
surrounded by said second elongate member. 

6. The device of Claim 5, wherein said expansion member expands when said first elongate member 
is pushed through said second elongate member. 

7. The device of Clavn 5, wherein said expansion member is self-expanding. 

B. The device of Claim 7, wherein said self-expanding member comprises a member selected from the 
group consisting of a braid, a coi. a ribbon like structure, a slotted tube, e pJuratty of ribs and a fiteMike mesh. 
9. The device of Claim 1, wherein said second elongate member b also secured to said expansion 


member. 

10. 

retracted. 

11. 


The device of Claim 9, wherein said expansion member expands as said first elongate member is 


Tha device of Claim 9. wherein said expansion member comprises a member selected from the 
group consisting of a braid, a penality of eols, a ribbon-like structure, e slotted tube, and a filer-like mesh. 

12. The device of Ciam 9, wherein said extension member expands bs the relative position of said 
first and second elongate members changes. 

13. A method of occluding a soprani within a vessel comprising: 

inserting first and second elongate members into the vessel wherein the first elongate member adjon an 
expansion member and 

varying the position of at least one of tha elongate members so that the expansion member expands unti 
the vessri is occluded. 

14. The method of Cbon 13, in which said varying step comprises ret/acting one of the elongate 

members. 

15. The method of Claim 14. in which said retracting one of the elongate manners "t*tm the 
expansion member to expand. 
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16. The method of Claim 14, in which the expansion member edjoins both elongate merrtoers, and the 
relative position of the elongate members is varied to expand the expansion member until the vessel is occluded. 

17. The method of Claim 13, in which said verying step comprises pushing one of the elongate 
members through the other elongate member. 

18. The method of Claim 13, further comprising: 
performing a medical procedure near the ocduded site and 
retrievng the elongate members and the expansion member from the vessel. 

19. A method, comprising: 
inserting en expension member within the vesxet end 

heating the expansion member to cause it to expand unti the vessel ts at least partially ocduded. 

20. The method of Claim 19, in which the expension member is comprised of e material selected from 
the group consisting of heat activated Nituiol and an iron base shape memory alloy. 

21. The method of Clam 19, in which said heating the expansion member comprises poising electrical 
current through it. 

15 21 ™*hod of Claim 19, h which said hooting the expension member comprises flowing warm 

sokition near the expansion member to hoot up the expension member. 
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